INTRODUCTION
Vitamin D is a fundamental nutrient for bone mineral accrual (1) . Because vitamin D cannot be endogenously synthesized year-round above 40 o N latitude because of limited UVB solar radiation from October through March (2) , it is considered to be an essential nutrient in the diet (1, 3) . Children aged 2-8 y are recommended to daily consume 2-2.5 servings of milk and alternatives by Canada's Food Guide and MyPlate (4, 5) . However, .50% of children in Canada and the United States do not meet the Estimated Average Requirement (EAR) 6 for vitamin D on the basis of national surveillance surveys (6, 7) . In crosssectional studies in young children, vitamin D status is significantly higher in the summer months than in the winter months (8) (9) (10) . To the best of our knowledge, no studies in young children in North America have investigated whether wintertime declines in vitamin D status are significant when followed prospectively. The amount of dietary vitamin D needed to sustain vitamin D status throughout winter in young children is unknown.
Vitamin D fortification policy in Canada includes adding vitamin D to milk and margarine and in the United States includes adding vitamin D to milk and some yogurt and cheese products as well as other foods (11) (12) (13) . Average fluid milk intake of Canadian 4-to 8-y-olds was 375-575 mL/d in 2004 (4) . NHANES 1999-2002 data show that preschool-aged children have a mean milk intake of 364 mL/d (14) , and NHANES 2001-2004 data show that 59.1% 6 3.17% of 2-to 3-y-olds and 57.8% 6 2.14% of 4-to 8-y-olds were meeting the recommended milk intake (15) (11) . By consuming yogurt or cheese instead of fluid milk, vitamin D intakes may be lower, because these foods contain ,30% of the vitamin D that milk contains (3) .
Vitamin D fortification regulations were set when recommended intakes were lower (11) (12) (13) . Thus, the EAR for vitamin D cannot be met by most children who consume currently available marketplace foods. The primary objective of this study was to determine whether vitamin D intakes consistent with the EAR or RDA, through fortification of additional dairy products, would result in higher vitamin D status in young children. The secondary objective was to confirm whether vitamin D intakes that reach the RDA sustain a serum 25(OH)D concentration of 50 nmol/L in young children during winter and early spring months.
METHODS

Subjects
Families and children were recruited from daycare centers within the greater Montreal region. Parents were provided a recruitment letter through registered daycares and contacted the research unit if interested. For those aged .6 y, previous participants of a vitamin D study (8) were invited and media recruitment strategies were also used. Inclusion criteria were as follows: healthy, prepubertal, regularly consuming milk and milk products, within 2 BMI z scores from zero for age and sex on the basis of WHO growth charts (16) , and not taking any nutritional supplements. Exclusion criteria included chronic diseases or medications known to affect vitamin D, infections of the immune system, known anemia, small size at birth, or preterm birth at ,37 wk of gestation. During screening, if children were taking nutritional supplements, the parents were asked to stop the supplement intake of their children for 1 mo [2 half-lives of 25(OH)D] (17) before the study. Twelve 2-to 3-y-olds and twenty-two 4-to 8-y-olds were taking vitamin D supplements (68% took #200 IU/d, 29% took 400 IU/d, and 1 child took 1000 IU/d). There were no differences in supplement intake between groups ( Table 1) .
Study design
This was a 12-wk double-blind, randomized controlled trial, following the CONSORT (Consolidated Standards of Reporting Trials) statement, with recruitment from 8 January to 16 February 2014. Children were randomly allocated in a 1:1:1 ratio to 1 of 3 groups (Figure 1 ) in a double-blind fashion stratified by 2-y blocks for age with the use of http://randomization.com. Group codes were randomly chosen by the safety officer for this trial to ensure blinding of researchers. All of the children consumed normally fortified fluid milk ad libitum. The control group consumed two 93-mL drinkable yogurts/d and one 21-g piece of cheddar cheese with no added vitamin D in addition to their regular household meals. The 2 treatment groups consumed the same yogurt beverage and cheese products, but with added vitamin D-3 to reach an estimated total dietary vitamin D intake consistent with the EAR (400 IU/d) and RDA (600 IU/d Children and families were seen at baseline and at 12 wk. At both visits, fasting blood samples were obtained and anthropometric measures were taken along with surveys on demographic characteristics, sun exposure, physical activity, and dietary intake.
Assessments
Blood sampling, vitamin D status, and parathyroid hormone Fasting venipuncture samples were taken (0700-1100) to control for diurnal variation; parents were instructed that their child could not eat anything after midnight. At baseline and the end of study, 2 mL whole blood was separated to obtain serum for the measurement of 25(OH)D and parathyroid hormone (PTH), and 0.1 mL whole blood was immediately analyzed for ionized calcium.
Serum total 25(OH)D and intact 1-84 PTH were measured by using an autoanalyzer (Liaison; Diasorin). The sensitivity of these assays was 10 nmol/L for 25(OH)D and 2.36 pg/mL for PTH. With the use of National Institute for Standards and Technology 25(OH)D standard 972a levels 1 and 4, the inter-and intra-assay CVs were 2.1% and 2.2% for level 1 and 5.8% and 6.9% for level 4, with an accuracy of $96%. The laboratory also maintains certification with the Vitamin D External Quality Assessment Scheme. PTH controls had inter-and intra-assay CVs of 3.6% and 2.6% for control 1 and 3.7% and 7.2% for control 2, with an accuracy of $95% for controls 1 and 2. Ionized calcium was measured immediately in whole blood (0.1 mL) as a safety measure by using a portable blood gas unit (ABL80 FLEX; Radiometer Medical A/S).
Dietary assessment and compliance
A 24-h food intake assessment (day before sampling) was used to assess energy and macronutrient intake. Intake data for 3 d have been shown to be sufficient to estimate energy intake; however, .7 d are needed to estimate calcium intake (18) . Therefore, a validated 13-item semiquantitative, 1-mo foodfrequency questionnaire (FFQ) was used specifically to estimate calcium and vitamin D (8) . The FFQ had 13 questions that asked about intake of milk and alternatives, vitamin D-fortified juices, margarine and baby foods, as well as fish and seafood. Both the FFQ and 24-h assessment were completed by the parents with the assistance of a registered dietitian at each study visit. Subsequent 24-h food intake assessments were completed over the telephone midway between study visits. Both the 24-h assessment and FFQ were repeated at the final visit. Nutrient intake was generated by using Nutritionist Pro (Axxya Systems LLC) and the Canadian Nutrient File version 2010b. Data were also expressed as food group servings according to Canada's Food Guide (2) . Compliance was reported by parents by using a daily calendar check sheet to keep track of how many of the study products their child consumed each day. Parents were contacted over the telephone or by e-mail once per month to arrange delivery of fresh product and to encourage compliance. Calendar check sheets were collected and verified with parents at 12 wk to add up the product intake of their child over the study period.
Demographic characteristics, skin pigmentation, and UVB
At baseline, survey data were obtained for child sun exposure as well as on self-reported income and ethnicity to facilitate understanding of the relations between sociodemographic characteristics, skin pigmentation, and baseline vitamin D status. In case of UVB exposure from travel to southern locations, data at baseline and 12 wk were collected with regard to sun exposure during the previous 30 d as a percentage of body surface area exposed (19) , frequency of sunscreen use, and total hours spent in direct sunlight per day. At each time point, the sun index was calculated for each child by multiplying the percentage of body surface area exposed by the time spent outside. Skin type at baseline was established with the use of a spectrophotometer (CM-700d/600d; Konica Minolta) by measuring pigmentation 3 times at the inner upper arm for constitutive pigmentation.
Facultative pigmentation at the forehead, mid-forearm, and lower leg was also measured 3 times at each site to estimate recent exposure to UVB radiation (e.g., travel during December break or later during March break). The individual typological angle (ITA) was calculated by using the L* and b* values with the equation from the Commission Internationale de l'É clairage (20) and classified into 6 skin types on the basis of Fitzpatrick descriptions. Differences between facultative and constitutive values assisted in qualitative assessment of previous UVB exposure (21, 22) at all visits.
Anthropometric measurements
Height was measured to the nearest 0.1 cm by using a wallmounted stadiometer (Seca 216; Seca Medical Scales and Measuring Systems). Body weight was measured to the nearest 0.5 kg by using a balance-beam scale (Detecto; Webb) with the child wearing light clothing and no shoes. From these values, BMI (in kg/m 2 ) was calculated and then z scores for weight, height, and BMI were calculated with the use of the WHO 2007 growth standards/references for children , or .5 y (WHO AnthroPlus). At the study endpoint, dual-energy X-ray absorptiometry (Hologic Discovery 4500A QDR series with Apex V13.2 software) was used to scan the whole body to provide total and regional fat mass (kg and %). Children wore standardized clothing, light pants, and a t shirt and were scanned without sedation. Total body and regional fat mass were quantified because regional fat mass in adults and children inversely correlates to vitamin D status (23, 24) . Regional adipose tissue was estimated by using subregion analysis of the full torso as well as between the last floating rib and the iliac crests to reflect visceral and subcutaneous fat of the abdominal region. Although dual-energy X-ray absorptiometry estimates of trunk fat do not distinguish subcutaneous from visceral fat, values align well with those from computed tomography scans in women and children (25) (26) (27) . The whole-body scans take 3 min, resulting in a low-dose radiation exposure (,3 mSv).
Ethics
This study was approved by the McGill University Faculty of Medicine Research Ethics Board in accordance with the TriCouncil Policy on ethics (28), Temporary Marketing Authorization letters were obtained from Health Canada for both products (TM-13-0432 and TM-13-0433). All daycare centers agreed in writing to facilitate the study, and all parents or legal guardians provided written informed consent before the study.
Statistical analyses
A sample size estimate of 20 per group was set to enable the detection of clinically meaningful group differences of 20 6 16 nmol 25(OH)D/L on the basis of a representative sample of preschool-aged children in Montreal (8) at a 5% significance level with 80% power. To account for a 5-10% drop-out rate and the additional possibility of insufficient blood volume sampled, we aimed to recruit 25 participants per group.
Intent-to-treat analyses were conducted by using SAS (version 9.3; SAS Institute). All data entry was double audited and tested for normality by using the Kolmogorov-Smirnov test and homogeneity of variance was assessed by using the Bartlett test. For the primary analysis, mixed-model ANOVA was used to analyze continuous data accounting for fixed effects (sex/age strata, dietary group) and random effects (e.g., demographic characteristics) with post hoc testing where necessary (i.e., 3 age groups or interactions) with the use of Bonferroni correction. Nonnormal data were log-transformed where applicable [e.g., 25(OH)D]. At endpoint, there were not enough children in the vitamin D status categories of 30-39.9 and 40-49.9 nmol serum 25(OH)D/L to enable reliable statistical analyses; thus, these were combined to form a category of 30-49.9 nmol/L. Less than 5% of data were missing, and imputation approaches were not sought. Compliance on the basis of daily check sheets was compared among groups by using mixed-model ANOVA. Chi-square or Fisher's exact testing was used for proportions. Linear regression analysis was used to explore correlations between serum 25(OH)D concentration and predictor variables. The model was constructed on the basis of inclusion of predictor variables vitamin D intake, age, BMI z score, and sex; single variables were added to the model that were significant or that improved the model (R 2 . 2%). The models were checked for prespecified interactions, and if interactions were present, interaction terms were included in the final model. Visual examination was used to test for normality of the residuals. Data are presented as mean 6 SDs or medians (IQRs) depending on normality for continuous data or as proportions for ordinal data (e.g., sex). P , 0.05 was accepted as significant.
RESULTS
Demographic characteristics
At baseline, children were 5.1 6 1.9 y old (range: 1.9-8.7 y old), with 54.5% (42 of 77) being male and 72.7% (56 of 77) white. The majority of children were born to mothers who were well educated, with 77% achieving college or university education; household income was .$65,000 in 56% of families, with 9% not disclosing income. No differences in these characteristics were observed between allocation groups. Physical activity was not different between groups at baseline. On weekdays and weekends, 91% and 82% of children, respectively, were very active for $60 min.
At baseline, the BMI-for-age z score was 0.51 6 0.89 overall, with no differences between boys and girls (0.48 6 0.82 and 0.55 6 0.97, respectively). The mean height-for-age z score was 0.10 6 0.98 and the weight-for-age z score was 0.43 6 0.93. No differences in anthropometric measurements were observed between groups (Table 1) . Height velocity was 0.6 6 0.3 cm/mo and weight velocity was 0.2 6 0.2 kg/mo over the study period, with no differences between groups (Supplemental Table 1 ). At the end of the study, there were no significant differences between study groups in body fat percentage (range: 15.1-39.7%); however, female participants had significantly higher (P , 0.05) mean android and gynoid fat percentages (android: boys, 20.5% 6 6.1%; girls, 25.1% 6 5.5%; gynoid: boys, 33.0% 6 4.8%; girls, 41.0% 6 8.0%).
Seventy-four (96.1%) children completed the study over 12.1 (range: 10.9-13.9) wk. Twenty-two participants had their 12-wk follow-up in early May instead of April because of rescheduling. Over the course of the study, the median (IQR) durations of childhood illnesses (e.g., common colds) per group were as follows: control, 4.0 (3.0-5.5) d; EAR, 5.0 (2.9-9.3) d; and RDA, 4.5 (3.0-6.0) d. There were no differences between groups. Mean compliance for the study yogurt and cheese products was 86% 6 20% and 84% 6 17%, respectively. For the first week of the study, compliance was 95% 6 12% and 91% 6 18% and decreased to 79% 6 28% and 75% 6 29%, respectively, by the 12th wk. Compliance was significantly different (P = 0.04) between 2 to 3 y olds and 4 to 8 y olds for cheese (76% 6 21% compared with 88% 6 13%) but was not different for yogurt (84% 6 19% compared with 88% 6 19%). Overall, the EAR group had significantly lower compliance (P = 0.02) for both products (yogurt: 80% 6 22%; cheese: 79% 6 17%) than did the control (yogurt: 89% 6 19%; cheese: 88% 6 13%) and RDA (yogurt: 89% 6 16%; cheese: 84% 6 19%) groups.
Dietary characteristics
The consumption of study products during the trial did not cause a significant change in total energy intake (baseline: (3 of 74) of children traveled to warm countries during the study period, and none of them had changes in ITA from baseline to follow-up. Accordingly, there was no significant tanning of skin from UVB solar radiation. The mean change in ITA over the study on the 3 tanning sites (forehead, lower leg, and lower forearm) was 1.84 6 3.75 and was not significantly different from zero or significantly different between groups. Participants who had their 12-wk follow-up in May (n = 22) did not have a significantly different mean change in ITA (0.85 6 2.81) from those with follow-ups in April (2.28 6 4.06).
Biochemical assessments
With regard to our primary analysis, at baseline, 77% (59) of participants had serum 25 1 Values are medians; IQRs in parentheses. Values with different superscript letters are significantly different (P , 0.05) from all other groups with the use of mixed-model ANOVA with Bonferroni post hoc testing, accounting for age, sex, ethnicity, and number of days between baseline and follow-up. EAR, Estimated Average Requirement; RDA, Recommended Dietary Allowance. 2 Includes study products at 12 wk accounting for compliance. 3 Other foods include margarine, eggs, and fish. in all groups; however, 1 child in the EAR group had a low value (1.10 mmol/L) at 12 wk. The pattern in PTH was the opposite of that of 25(OH)D, although with no significant differences between groups (Figure 3 ) and an overall mean change in PTH from baseline to 12 wk of 20.5 6 5.1 pg/mL. Time of blood draw in the morning did not have an effect on PTH concentration (P = 0.37). One child in the EAR group (6.3 pg/mL) at baseline and 4 children in the EAR group and 2 children in the RDA group (7.4-8.8 pg/mL) at 12 wk had PTH values below the normal range (9-60 pg/mL).
DISCUSSION
The primary objective of this study was to establish whether vitamin D intakes consistent with the EAR or RDA, through fortification of additional dairy products, would result in higher vitamin D status than with normal vitamin D intakes. Although we observed a significant difference in dietary intake, not all of the children were able to meet the EAR and RDA targets. Because the EAR is set to be a sufficient for 50% of individuals, and 60% of our EAR group met this target, we would have expected more than half of the children in this group to maintain the concentration of 40 nmol 25(OH)D/L, whereas almost all (96%) children maintained this value. For the RDA group, the design was intended to elevate usual intakes to meet the RDA over the course of the study, but this did not appear to be achieved on the basis of the 30-d FFQ. In the real-life situation of our study, children had a median (IQR) of 4.5 (3.0-6.0) d of illness, which contributed to intakes below the RDA as captured in the FFQ. Nonetheless, all but 1 child was able to achieve and maintain a 25(OH)D concentration of $50 nmol/L. These results suggest that the baseline vitamin D status observed in our study was sufficient to protect against 25(OH)D falling below 40 nmol/L or that the EAR is higher than necessary for the needs of young children. Overall, the significantly increased vitamin D consumption in the fortified groups compared with the control group led to significantly higher serum 25(OH)D concentrations in the winter and early spring months.
Interestingly, the RDA intake group (64.1 6 10.0 nmol/L) in our study did not have significantly higher serum 25(OH)D compared with the EAR group (63.7 6 12.4 nmol/L). Both the EAR and RDA groups also had 96% of children with 25(OH)D concentrations $50 nmol/L. The EAR and RDA recommendations from the Institute of Medicine are mostly based on randomized controlled trials in adults from northern Europe (3), where vitamin D status is usually lower than in North America. In fact, all 16 trials that were used in revising the recommendations were supplement-based, with no trials that used fortified foods (29) . A recent trial in Denmark in both children and adults (aged 4-60 y) who consumed vitamin D-fortified foods (w360 IU from fortified milk and bread/d) showed that although this intake was closer to the EAR, it was enough to ensure serum 25(OH)D concentrations $50 nmol/L in children (33) . These results along with ours could suggest that vitamin D when consumed regularly from foods better supports vitamin D status than inferred from the data derived from pill supplements. Alternatively, both of these trials in children suggest that the EAR could be too high regardless of exogenous source of vitamin D.
Another reason for similar results between EAR and RDA groups could be that serum 25(OH)D does not represent tissue 25(OH)D uptake or that 12 wk may not be long enough for 25(OH)D in children to reach a plateau. Little is known about the mobilization of stored vitamin D (30) , and whether it is more efficient during childhood (31) . In rats, oral vitamin D-3 quickly increased (1-2 d) adipose vitamin D-3 stores and was very slowly released, although the rats were in a state of energy balance (32) . The authors suggested that this may act to partially buffer vitamin D status and that, in theory, the mobilization of vitamin D stored in adipose tissue in children increases when the body requires it, as it may in late winter. This could explain why the control group did not show a significant decrease in serum 25(OH)D over 12 wk (22.5 6 6.5 nmol/L), with 92% maintaining concentrations $40 nmol/L, although vitamin D intakes were just over half of the EAR.
The addition of vitamin D to foods as a means to support vitamin D status during times of reduced endogenous synthesis has been tested mostly in adults. A meta-analysis of trials in adult populations showed that for every 40-IU/d increase in vitamin D intake, there would be a resulting increase of 1.2 (95% CI: 0.72, 1.68) nmol/L (33) . A trial in adults aged $50 y (n = 56) in Ireland through 10 wk in winter showed a 2.5-nmol/L increase for every 100-IU increase in vitamin D intake (34) . However, previous trials in children that ran from September to April (33) and from January to March (34) When 25(OH)D is low, it is common to observe elevated PTH (35) . At baseline, PTH (15.6 6 4.8 pg/mL) values in our study were similar to those in 4-to 8-y-old children after supplementation with 1000 IU vitamin D-3/d (13.3 6 7.6 pg/mL) (36) , which may explain why significant decreases in PTH concentration were not seen in the fortified groups in our study. The lower PTH is likely due to the very good calcium intakes in the present study. Ionized calcium, being similar between groups and unchanged over the 12-wk study period, shows the safety of fortifying dairy products with vitamin D in an effort to reach EAR and RDA targets.
To our knowledge, our study methodology presented a novel fortification model for children by using 2 fortified dairy products to augment usual intakes. Increased daily intake of vitamin D was chosen because it is more efficient at maintaining or increasing serum 25(OH)D than are large monthly (37) or seasonal (38) intakes. Another strength of this design was that it allowed children to maintain day-to-day consumption of dairy products, with the study products replacing those normally consumed (Figure 2 , Supplemental Table 2 ). Allowing normal food intake habits for children likely contributed to our high level of overall compliance (84-86%). Poor compliance has been observed when children have difficulty meeting food intake or nutrient intake goals (39) . Although our compliance declined by the end of the study, a higher level of compliance may have been observed with the availability of multiple yogurt flavors and types of cheese because parents may not have to put as much pressure on children to eat the foods. In an American study (n = 27 children; mean 6 SD age: 4.0 6 1.0 y), pressure by parents on a child to eat a food was shown to significantly decrease the intake of that food by 20% and to result in children vocalizing 5 times as many negative comments about the food (40) .
Limitations of our study include that the data are not representative of all young Canadian children because a large proportion of the parents had a university education and households had a median family income above the average for Quebec and Canada (41) . Also, it is possible that dietary vitamin D intakes were underestimated because 25(OH)D present in animal-based foods was not included in our total dietary intake calculation. On the basis of NHANES data (n = 8579; 2007-2008), contributions from other foods are estimated to be 68-116 IU vitamin D/d in the diets of persons aged $2 y (42). Last, on the basis of previous research, it was anticipated that baseline 25(OH)D values may differ between white and nonwhite children (43) and that the effect of vitamin D food fortification on serum 25(OH)D would not differ between white and nonwhite children (44) . We detected a significant difference at baseline and 12 wk in serum 25(OH)D between Fitzpatrick skin types I-III compared with IV-VI but could not further analyze differences between all 6 skin types due to a limited sample size.
In conclusion, young children who consumed vitamin Dfortified yogurt and cheese products had significantly higher vitamin D intakes and improved vitamin D status over the winter and spring periods studied. These results show a need for future studies to confirm the vitamin D EAR of 400 IU/d for young children on the basis of 25(OH)D response and functional outcomes.
